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The Tardieu Scale (TS) and Modified Tardieu Scale (MTS) are tools that take into account resistance to the passive movement at both slow and fast speeds [16] . They measure the attribute of muscle reaction to passive movement and the angle of muscle reaction at the point of resistance to the fastest movement speed. Several researchers found that MTS can be used as a reliable measurement scale for quantifying spasticity due to its high inter-rater validity results. However, the reliability is only recognized for lower limb [17] [18] . In addition, the influence of the rater's experience is considered to be uncertain and has been proven for various patient groups [19] [20] . Mackey et al. reported a poor test-retest reliability for TS measurements of elbow flexors of children with hemiplegia [21] . Ansari et al. further improvised TS modification using goniometry that is placed within elbow flexors but still insufficient to achieve a good inter-rater reliability in adult patients with hemiplegia [22] .
Ashworth scale (AS) and Modified Ashworth scale (MAS) are the most common rating scales used for the spasticity assessment [23] . These scales measure the resistance and spasticity (or catch) in joints during passive movement. The resistance is scored from 0 to 4 and 0 to 5 for AS and MAS respectively. Craven claimed that it has a low reliability in determining lower extremity spasticity between raters (interrater) and over time (intra-rater) [24] . However, comparing to MTS, inter-rater reliability of MAS in assessing the upper extremity spasticity is relatively higher [8] , [25] .
The reliability and validity of the common rating scale measurement technique has been questioned due to its subjectivity and dependency on the therapist's influence of spasticity on passive movement. On top of that, previous studies have shown that spasticity scales provide insufficient information about muscles involved in spastic movement [26] , [27] . Thus, introducing quantitative measurement by application of the robotic platform may help to overcome the inadequacy of current method.
Prior to the raised issues, new methodology and technology for assessment has been developed to improve measurement of Abstract-Clinical assessments of muscle spasticity are done by physiotherapists with the help of assessment scales. The gold standard is by using Modified Ashworth Scale (MAS), in which the scale quantifies the level of muscle spasticity by measuring resistance to passive movements. However, this scale is highly subjective to the assessors' opinions and experiences. Therefore, we proposed Muscle Spasticity Assessment System (MSAS) as an attempt to add objective weights to the current spasticity assessment method. In this study, inter-rater reliability of MSAS and its intra-rater reliability with MAS are presented. 46 subjects with neurological disorders participated in this study. Inter-rater reliability for clinical and MSAS assessment method gives substantial to excellent (Kappa value 0.82) and excellent (Kappa value 0.99) respectively. For both methods, intra-rater proved to give excellent result. MSAS are accurate and reliable in assisting the physiotherapist to quantify the spasticity of the upper limbs.
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I. INTRODUCTION
In recent years, topic on neurological disorders has gained popularity among researchers, practitioners and medical officers [1] [2] [3] . Patients with neurological disorders due to stroke, traumatic brain injury and cerebral palsy are most likely to suffer from muscle spasticity [2] , [4] - [8] . Definition of spasticity is a motor control disorder that increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, ensuing from a hyper excitability of the stretch reflex, as one element of the upper motor neuron syndromes and the scenario is velocity dependent [9] . As such, spasticity can be characterized during passive movements without taking into account its effects on voluntary gestures. This phenomenon restricts the movement of the affected limbs and complicates the patients' daily care [10] . Therefore, an efficient management and spasticity assessment is a major challenge in rehabilitation medicines [11] [12] [13] .
Quantitative approach of spasticity severity could help in delivering the optimum training and treatment needed. Currently, the assessment is done qualitatively but subjected to the physiotherapist's opinion and experience [14] [15] . Hence, the assessment is susceptible to variation and this could pose a challenge to monitor the progress of the subject effectively, especially if the assessment sessions are conducted by different proprioceptive function after stroke [28] [29] [30] [31] [32] . Effectiveness of using robotics platform in assessing neurological disorder has gained recognition as it obtains the objective, is reliable, and sensitive [33] . This phenomenon deficits the clinical measures often oversight [28] , [32] , [34] [35] [36] . In addition, the assessment procedure can be achieved without the need for the therapist to be presented. However, a reliability test is necessary to be conducted in order to ensure the reliability of the assessment. Developing a good assessment technique is crucial as it significantly correlates with daily activities and recovering progresses [37] .
In our previous study, we demonstrated a quantitative assessment evaluation of MSAS based on the impedance variables [38] . As a continuation, this study is aimed to investigate the reliability of MSAS based on the MAS rating scale. This paper is composed of four sections. In section two, the methodology employed including procedures, database and statistical analysis used for this study are presented. The subsequent section presents and discusses the result.
II. METHODOLOGY
A. Database
All the 46 subjects participated are clinically validated patients from the International Islamic University Malaysia Medical Center (IIUMMC), Kuantan Pahang, National Stroke Association Malaysia (NASAM), Kuantan Pahang and Pusat Pemulihan Dalam Komuniti Tunas Sri Teruntum (PDK), Pahang. In order to participate, subjects must experience neurological disabilities and have undergone assessment and rehabilitation with experienced therapists. Demographic and clinical variable of the patients selected are presented in Table  I . The variables listed are age, gender, years of suffering, type of neurological disorder and affected side of the limb. The cerebral palsy patients that were experiencing spasticity in both arms are counted as double. To protect the confidentiality of research participants, all data were saved by ID number. Prior to that, this research has been approved by the IIUM Research Ethics Committee (IREC 659).
B. Manual Clinical Assessment
Two physiotherapists were engaged to assess the level of the spasticity for each subject. Both assessors have experience in the rehabilitation field and familiar with the MAS procedure. The MAS rating criteria is described from scale 0, 1, 1+, 2, 3 and 4. Scale 0 determines when no increase in muscle tone or it can be group as a healthy person. Scale 1 defines when slightly increase in muscle tone followed by catch and release by minimal resistance at the end of the ROM while scale 1+ represents the same phenomenon throughout the remainder of the ROM. The affected limb experienced more mark increase in muscle tone most of the ROM but it can easily move and can be defined as scale 2. Scale 3 considered increase in muscle tone and the affected limb hardly moved throughout the ROM. Whereas scale 4 represents affected limb rigid in flexion and extension movement of the patients. During the assessment, the subjects had to be in supine position with their arms by their sides. Experiment began after 5 minutes to make sure that subjects are relaxed and comfortable. The subject's arm was assessed by placing one physiotherapist's hand underneath of the lower arm proximal to the wrist and the other supported the upper arm close to the shoulder as illustrates in Fig. 1 . The subject's arm was moved from maximal possible extension to maximal possible flexion at two modes of speed, which are low speed (27 degree/sec) and high speed (135 degree/sec). Low and high speed rate is determined by the average speed performed using manual clinical method to standardize the experiment procedure. The low speed mode is deployed to assess the full range of motion (ROM) of the patient's arm while the high speed mode is used to detect the position of the catches angle or position. All movements were performed three times per assessor. Once completed, the physiotherapists immediately rated the patients' spasticity level using MAS tool. These procedures were then repeated by the second physiotherapist, with a 5 minutes gap between the two procedures. No discussion between assessors were allowed and the experiment were done separately to ensure the results were completely blind to each other. All results were recorded and tabulated in a datasheet.
C. Muscle Spasticity Assessment System (MSAS)
As can be seen from Fig. 2 , the MSAS platform has a padded arm rest that is attached to a lever. A 1-DOF platform was designed to invoke signal from the subjects when the assessment of muscle spasticity was conducted. The system is Fig. 1 . Manual clinical spasticity assessment equipped with a custom-designed torque sensor to measure the impedance dynamics around the joint elbow involving biceps and triceps muscles. A single turn potentiometer is used to measure the flexion angle at the elbow joint. The remaining part of the system is composed of arm plate, a lever to orient the arm plate, and a laptop with Labview software connected to data acquisition card (NI DAQ card USB-6211). In MSAS procedure, while in a supine position, the patient's arm was securely placed on the padded arm rest. With the movement of the lever controlled by the physiotherapist, the subject's arm was flexed from maximal possible extension to the possible maximal flexion position. Simultaneously, the torque and angle data captured by sensors are recorded and displayed on the graphical user interface. By using Matlab R2017a software, the data obtained from the MSAS method was plotted and analyzed. The catch position, which is the main parameter in the spasticity assessment is described as global maxima of the torque-angle graph. The second parameter extracted from the data is the linear regression during the release of the catch. The parameters obtained were then matched to the MAS assessment tool to predict the spasticity level. All MSAS method's results were recorded parallel to the manual clinical method's results for each subject.
D. Statistical Analysis
SPSS 23.0 was used for the statistical analysis. Inter-rater and intra-rater reliability for both methods was investigated using Weighted Cohen's Kappa test. P-values less than 0.005 were considered as significant. Kappa values 1 indicates perfect agreement, whereas Kappa value of 0 indicates that agreement is weaker than expected by chance. Interpretation of Kappa values of 0.8 and above is excellent agreement, values between 0.61 and 0.81 is considered as substantial agreement, 0.41 to 0.61 is considered as moderate agreement and values below 0.40 is considered as fair to poor agreement. The correlation between clinical and MSAS method was calculated to study whether the new method is correlated with the current method used. Intra-rater reliability was determined by using Fig. 2 . MSAS spasticity assessment same tool. This simple statistical analysis was used to investigate the stability of the assessment result among repeated flexion of the arm for each method.
III. RESULT AND DISCUSSION
Both physiotherapists have done the assessment using two methods. Physiotherapist assessed each patient by flexing the arm in 1 sec to identify the catch position. The patient's arm was attached on the platform of MSAS and assessed by pulling up the lever. The MSAS procedure took less than 10 minutes. The assessment is repeated 3times per session for both methods.
The scores of muscle level spasticity for both methods are tabulated in Table II . Whilst, the results of inter-rater and intrarater reliability between clinical and MSAS method of assessing spasticity are shows in Table III . From the table, it can be seen that inter-rater obtains excellent to substantial agreement for clinical method and excellent agreement between raters for MSAS method with Kappa value (ƙ) of 0.82 and 0.99 respectively. Intra-rater test yields excellent results for both methods with MSAS slightly outperforms the manual clinical method. The Kappa values for intra-rater are 0.94 for clinical assessment method and 0.99 for MSAS assessment method. The P value expresses the Kappa value are all significant. This proves that the agreement between the assessors does not happen by chance.
As mentioned in the literature review, a major issue in the field of neuro rehabilitation was the poor strategy of recovery progress due to variation agreement between different physiotherapists for the assessment of the affected limb. Based on the results obtained, we can hypothesize that inter-rater reliability is better for MSAS method than for manual clinical method. This might be due to the objective measures approach, in which we measured the torque and position of the catch using sensors. Thus, determination of the MAS rating is significantly reliable and accurate. Meanwhile, manual clinical methods are based on the subjective opinion of the physiotherapists.
Intra-rater reliability shows almost the same result due to assessment has done by same physiotherapist within different time. However, it is slightly better for MSAS method than clinical method. This might be due to the short time given between the test and re-test assessment session. The test result could influence the re-test result as the physiotherapist could still remembers the catch position from the previous assessment process. It is suggested that re-test session could be held 3 days after the first session to get better results in the future.
IV. CONCLUSION
Altogether, the study has found good inter-rater and intrarater reliability for MSAS method. Therefore, the MSAS could be deployed to complement the assessment of muscle spasticity done by the physiotherapist on the affected limb in the future. Validation of reliable and quantitative evaluation plays vital role in order to obtain standardized result and in the long term could optimize the period of rehabilitation process. The generalizability of the results is subjected to certain limitations though. For instance, the period of experiment in this study was done in a short period of time rather. This could result in biased score as the therapist could still remember the assessment he did previously. Further work will be focused on the measurement of the catch angle for clinical method so as to compare the intra-class correlation (ICC) between the two methods.
